Introduction
Macular edema (ME) is one of the most important causes of decreased visual acuity in retinal vein occlusion [1, 2] . It is caused by serous exudation following damage to perifoveal capillaries distal to the occluded retinal vein. Although
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Comparison of Pro Re Nata and Three Loading Injections of Intravitreal Bevacizumab for Macular Edema in Branch Retinal Vein Occlusion 이택훈 1, 2 , 남기엽 3, 4 , 김정열 3 Taek Hoon Lee 1, 2 , Ki Yup Nam 3, 4 , Jung Yeul Kim 충남대학교 대학원 의학과, 3 충남대학교 의과대학 안과학교실, 4 it improves spontaneously in some cases, serious damage to blood vessels may provoke a continuous or permanent degenerative change in the retina, making recovery of visual acuity impossible [1, 2] . Various treatments for ME in retinal vein occlusion have been investigated, and injection of intravitreal anti-vascular endothelial growth factor antibodies, such as bevacizumab and ranibizumab, is widely used. Ranibizumab was approved for the treatment of ME in retinal vein occlusion, but due to its high cost, bevacizumab is frequently used in its place as an off-label prescription. Although various dosing schedules of bevacizumab have been deemed effective for ME following retinal vein occlusion, an optimal dosing regimen has not been determined. In this study, the authors compared two practical regimens of bevacizumab dosing for branch retinal vein occlusion (BRVO) patients-pro re nata (PRN, when necessary) injections and three loading injections.
Materials and Methods
We retrospectively analyzed the medical records of 96 patients diagnosed with ME caused by BRVO who were treated with intravitreal injections of bevacizumab (Avastin ® , Genentech Inc., South San Francisco, CA, USA) from September 2006 to December 2011. Bevacizumab was injected intravitreally when the initial visual acuity was less than or equal to 0.5, or when the central retinal thickness (CRT) was > 300 µm by optical coherence tomography (OCT). Institutional Review Board (IRB) and ethics committee approval was obtained, and the study adhered to the tenets of the Declaration of Helsinki.
Upon their first visit, all patients received a best-corrected visual acuity (BCVA) test, tonometry, slit-lamp examination, fundus examination, fluorescein angiography, and OCT (Stratus OCT3, Carl Zeiss Meditec, Inc., Dublin, CA, USA). Patients with BCVA and OCT results at 1, 2, 3, and 6 months after intravitreal bevacizumab injection were included in this study. Patients with an initial visual acuity of less than 0.1, follow up period less than 6 months, a history of local laser therapy or steroid injection, an anti-vascular endothelial growth factor antibody (anti-VEGF) injection within 6 months, or a history of vitrectomy, glaucoma, or other causes of decreased visual acuity were excluded from the study. Patients who were did not attend monthly follow-up visits during the 6 months were also excluded.
The subjects were classified into PRN injection and loading injection groups. In the PRN injection group, bevacizumab was injected intravitreally once at diagnosis and additional injections were provided if necessary. In the loading injection group, three injections at monthly intervals were administered and additional injections were provided if necessary. The operator (J.Y.K.) used the PRN injection method in patients seen between September 2006 and July 2009. Thereafter, the three loading injection method was used.
In cases in which ME recurred, visual acuity decreased, or the CRT increased by over 100 μm by OCT, an additional injection was administered. Injections were performed after obtaining the approval of patients for the procedure. The eyelid and the conjunctiva were sterilized with 5% povidone-iodine solution, and 0.5% proparacaine hydrochloride (Alcaine ® , Alcon, Fort Worth, TX, USA) was administered to induce anesthesia. The eye was widened using an eyelid retractor, and a dose of 1.25 mg in 0.05 mL bevacizumab was injected at the position 4.0 and 3.5 mm away from the limbi of the phakic and pseudophakic eyes, respectively, using a 30-gauge needle. For analysis, measured visual acuity was converted into logMAR visual acuity and CRT was determined by OCT. Changes in logMAR visual acuity and decreases in CRT relative to initial measurements were compared between the PRN and loading injection groups at 1, 2, 3, and 6 months after injection. The rates of additional injections needed within 3 months after first injection in the PRN group and third loading injection group (within 3 months after the last injection in each group) were also compared. A statistical analysis was conducted using IBM SPSS ver. 18.0 (IBM Corp., Armonk, NY, USA). Changes in visual acuity and CRT were compared using independent t-tests, and the proportion of patients that required additional injections was compared using a chi-squared test.
Results
The mean age of all 96 subjects was 66.0 (± 9.2) years; 32 were males and 64 were females. The study included 23 patients with diabetes mellitus (DM) and 37 with hypertension. The PRN injection group included 52 subjects, and the remaining https://doi.org/10.21561/jor.2019.4.1.17 44 subjects were assigned to the loading injection group.
Differences in age, sex, and the prevalence of DM and hypertension between the two groups were not significant. The mean logMAR BCVA values at first examination were 0.43 (± 0.25) and 0.45 (± 0.26) in the PRN injection and loading injection groups, respectively. The mean CRT on OCT was 496.1 (± 150.9) and 508.8 (± 123.6) μm, respectively, however, these differences were not statistically significant ( Table 1) .
The change in visual acuity was investigated by comparing the acuity during follow-up after intravitreal bevacizumab injection with that measured at the first visit. The changes in visual acuity were -0.24 (± 0.26), -0.24 (± 0.26), -0.25 (± 0.28), and -0.24 (± 0.31) at 1, 2, 3, and 6 months after the first injection, respectively, in the PRN injection group. In the loading injection group, the changes at the same time points were -0.28 (± 0.24), -0.33 (± 0.20), -0.37 (± 0.27), and -0.35 (± 0.34), respectively. The loading injection group showed more improvement, however, the difference was statistically significant only at the 3-and 6-month follow-up (p = 0.410, 0.348, 0.019, 0.040; Fig. 1 ).
The decreases in the measured CRT during follow-up after the first injection relative to that at the first visit were 202.7 (± 174.6), 203.5 (± 168.7), 182.4 (± 163.1), and 188.6 (± 201.3) μm at 1, 2, 3, and 6 months in the PRN injection group, respectively. In the loading injection group, the decreases were 283.1 (± 155.1), 316.3 (± 141.5), 327.9 (± 142.9), and 259.4 (± 132.2) μm, respectively. Decreases in the loading injection group were more marked at all measurement times, and the differences after 2, 3, and 6 months were significant (p = 0.102, 0.001, < 0.001, 0.042; Fig. 2) .
The rates of additional injections that were needed within three months after the first injection in the PRN group and third loading injection group were compared; these were 61.5% (32 of 52 eyes) in the PRN injection group and 27.3% (12 of 44 eyes) in the loading injection group. That is, the proportion of patients without recurrence within 3 months after the last injection was significantly higher in the loading (Fig. 3) . The rate was significantly lower in the loading injection group (p = 0.001). The mean frequency of injection over 6 months were 2.29 (± 1.13) and 3.43 (± 0.76) times in the PRN and loading injection groups, respectively, and this difference was statistically significant (p < 0.001). No systemic or ocular complications was found after intravitreal bevacizumab injection.
Discussion
Retinal vein occlusion is the second most common retinal vascular disease after diabetic retinopathy, and its prevalence has been reported to be 0.3-2% in persons aged over 40 years [3] [4] [5] . The decrease in visual acuity caused by retinal vein occlusion occurs through the combination of three mechanisms [1, 2] . First, ME develops due to serous exudation in the distal part of the occluded retinal vein. Second, acuity can decrease due to retinal hemorrhage. Third, ischemic damage to the retina caused by vein occlusion impairs capillaries and may lead to atrophic changes. This lowered visual acuity occasionally improves without any treatment.
However, research into the natural course of retinal vein occlusion has revealed that untreated occlusion is associated with damage to visual acuity and serious ocular complications [6] [7] [8] . For BRVO, an improvement in acuity of over two lines compared to that on the first visit was observed in 33-75% of patients without treatment during follow-up, but an increase to over 20/40 was rare. Untreated central retinal vein occlusion led to gradual decreases in visual acuity over time.
ME is observed in 5-15% of cases of BRVO per year and in most cases of central retinal vein occlusion [7, 8] . Untreated ME improves spontaneously in 18-41% of BRVO cases and in 30% of central retinal vein occlusion cases [7, 8] .
Focal laser treatment, intravitreal triamcinolone acetonide injections, intravitreal anti-VEGF injections, and intravitreal dexamethasone implant injections for the treatment of decreased visual acuity and ME have been investigated. Of these, the intravitreal anti-VEGF antibody injection is used most commonly. Among various protocols of intravitreal anti-VEGF injections, we compared PRN and three loading intravitreal bevacizumab injections.
Previous studies have reported data from 3-6 months of loading or PRN injections. The BRAVO (Ranibizumab for the treatment of ME following BRVO) [9] and CRUISE (Ranibizumab for the treatment of ME following central retinal vein occlusion) [10] studies revealed that six intravitreal ranibizumab injections at 1 month intervals resulted in significant improvement in visual acuity and a significant decrease in CRT relative to a placebo after 6 months. A further injection, when necessary, in all groups at the 6 month follow-up resulted in maintenance of the improvement in visual acuity out to 12 months in the ranibizumab group. The placebo group also showed significantly better visual acuity at 12 months compared to 6 months, because they received antibody treatment after 6 months. However, the improvement in visual acuity at 12 months remained significantly greater in the ranibizumab injection group than in the placebo group [11, 12] . These studies showed that an intravitreal ranibizumab injection is effective in treating ME in retinal vein occlusion, and that earlier injection produces greater improvement in visual acuity. In addition, Prager et al. [13] reported that three loading treatments with intravitreal bevacizumab at 1 month intervals increased visual acuity and decreased CRT in patients with ME in retinal vein occlusion, which continued for over three months. Demir et al. [14] also reported that three loading injections of bevacizumab led to excellent outcomes in patients with ME caused by BRVO.
The effectiveness of PRN injections also has been reported previously. Schaal et al. [15] revealed that an average [16] reported that an average of 2.4 injections of intravitreal bevacizumab over a mean of 356 days was effective in treating ME patients with BRVO.
Thus, both loading and PRN injections of the anti-vascular endothelial growth factor antibodies ranibizumab and bevacizumab were effective in treating ME caused by retinal vein occlusion. There has been a study that compared the effects of the PRN and three loading injection methods. Ahn et al. [17] compared these methods for BRVO treatment and reported that PRN injection would be better because there were no significant visual or anatomical differences between PRN and the initial dose group, even though the number of injections was similar in both groups.
However, our results differed. The improvement in visual acuity was greater during the entire follow-up period in the loading injection group, and the difference was statistically significant at 3 and 6 months. The decrease in CRT was also greater in the loading injection group and was statistically significant at the 2, 3, and 6 month follow-up evaluations. These differences from the previous study might have resulted from the different rates of ischemic and non-ischemic BRVO or foveal non-perfusion. However, in our study, we were not able to analyze retinal ischemia data.
Another critical point in the course of treatment for ME caused by retinal vein occlusion is the need for additional injections after recurrence. Previous studies of bevacizumab injection have pointed out that the duration of its effect was short and that recurrences were common. Therefore, additional injections are often necessary after the three loading injections and PRN injections to maintain the effects on visual acuity and ME. Ahmadi et al. [16] reported that of 42 patients treated with PRN intravitreal bevacizumab injection for ME due to BRVO, only 11 (26.2%) needed a single further injection, while others (73.8%) needed multiple bevacizumab injections, macular laser treatment, or a triamcinolone injection due to recurrence of edema. Hsu et al. [18] also reported in their study of 30 patients with central retinal vein occlusion that the mean visual acuity was increased for up to two months after one time injection of 1.25 mg/0.05 mL bevacizumab, but declined again without re-injection. Accordingly, this study compared the frequencies with which patients needed a re-injection within 3 months after the first injection in the PRN group and three loading injection group for recurrence of ME between the two injection methods. As the total follow-up period was 6 months in the current study and 3 months remained after the three loading injections, we investigated the rate of additional injections at an early phase after the initial injection or last loading injection in the PRN and loading injection groups, respectively. The rate in the loading injection group was significantly lower (p = 0.001) than in the PRN group at 27.3% and 61.5%, respectively. Furthermore, loading injections for 6 months significantly decreased the recurrence of ME compared to PRN injections. However, long-term studies are necessary to obtain more accurate information regarding the rates of recurrence and the necessity for additional injections associated with these two methods.
In conclusion, greater functional and anatomical improvement of ME in BRVO resulted from loading rather than PRN injections. The need for additional injections within 3 months after the last injection was significantly lower in the loading injection group, although more injections in total were required. Therefore, loading injections may be more useful for improving ME and preventing recurrence. However, long-term, large-scale prospective studies are necessary to assess the clinical effects and recurrence rates associated with both injection methods.
